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1. Background  
Bangladesh, India, Indonesia, Malaysia, Maldives, Myanmar, Sri Lanka and Thailand are working 
together through the Bay of Bengal Large Marine Ecosystem (BOBLME) Project and lay the 
foundations for a coordinated programme of action designed to better the lives of the coastal 
populations through improved regional management of the Bay of Bengal environment and its 
fisheries.   
The BOBLME Project is mandated to undertake regional assessments of the hilsa shad (Tenualosa 
ilisha) and Indian mackerel (Rastrelliger kanagurta) fish stocks and deliver stock assessment advice 
for fisheries management. There is also a plan to look into the genetic characteristics and stock 
structure of the long tail Tuna along the Malaysia, Indonesia and Thailand coast. 
A basic requirement for fisheries managers is to understand the geographic and genetic structure of 
the fish stock being managed.  This is also essential for the realistic application of stock assessment 
models. Project subcomponent 2.3 deals with the development of regional and sub-regional 
management plans and harmonisation of data collection.  Standardization is promoted for all 
collaborative fisheries management projects and approaches.  The 2013 work plan, adopted by the 
Project Steering Committee in March 2013 to include activities to achieve these requirements, the 
Indian Mackerel genetic stock structure study is one of these activities. 
Previously, (May 28-29, 2012) Indian Mackerel Working Group met in Colombo, Sri Lanka, to develop 
a work plan to achieve the goal of determining the genetic stock structure of Indian Mackerel in the 
Bay of Bengal Region. This included plans for sampling across the region and identifying molecular 
genetic laboratory capacity in the region.  Subsequently five countries where identified with genetic 
lab capabilities which could potentially analyse Indian Mackerel tissue using microsatellite genetic 
markers (Sri Lanka, India, Malaysia, Thailand, Indonesia) and three countries who, at this point in 
time, have limited genetic lab capability (Myanmar, Maldives, Bangladesh).  Sampling protocol and a 
sampling plan was drawn up to collect tissue samples across the region. At this meeting it was 
determined that there were no species specific markers available for Indian Mackerel so two 
approaches were proposed: 1) the development of a set of markers using 454 sequencing at US 
laboratory (Savannah River Ecology Laboratory, University of Georgia); 2) develop a set of markers 
through the use of cross-priming non-target species at the NBFGR/CMFRI labs in Kochi, India. Both 
options were acted upon to give the widest possible choices of microsatellite marker for Indian 
Mackerel.  
The Indian lab, NBFGR Kochi Unit was identified as the most experienced in the development and 
application of microsatellite markers of the BOBLME countries. They regularly run training 
programmes for different molecular genetics techniques and aquatic resources applications. As such 
the NBFGR lab was extremely capable when it came to hosting the training session for participants 
from the eight BOBLME countries. The NBFGR-BOBLME Indian Mackerel Genetic Harmonisation 
Workshop was a very successful workshop which took place August 20-27, 2013 and is the focus of 
this report. 
2.  Opening ceremonies and day one activities  
1. A workshop on Indian Mackerel (Rastrelliger kanagurta) Genetics Harmonisation and Training was 
held on 20-27 August, 2013 at the National Bureau of Fish Genetic Resources (NBFGR) Kochi Unit 
genetics laboratory, at the Central Marine Fisheries Research Institute (CMFRI), Kochi, Kerala, India. 
At the opening ceremonies Dr Silias presented some background information on what is known 
about Indian Mackerel genetic stock structure. The Bay of Bengal Large Marine Ecosystem (BOBLME) 
Chief Technical Advisor, Dr Rudolf Hermes welcomed the participants and wished then well in the 
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upcoming workshop. Presentations were also given by Dr Gopalakrishnan, the CMFRI Director, Dr 
Jena the NBFGR Director, Dr Basheer NBFGR Scientist-in-charge, and Dr Candy BOBLME genetics 
consultant. The workshop manual developed by the NBFGR lab staff specifically for this workshop 
was released to the group of CMFRI and NBFGR staff and BOBLME participants. 
 
Photo 1 - Photograph of dignitaries, resource staff, and participants attending the NBFGR-BOBLME 
Indian Mackerel Genetics Harmonisation and Training Workshop, August 20-27, 2013, in front of the 
CMFRI Institute, Kerala, India. 
2. The participants where from genetics facilities in Sri Lanka, India, Malaysia, Myanmar, Indonesia, 
Thailand, Bangladesh, Maldives as well as resource staff and representatives from BOBLME and 
NBFGR listed in Appendix I. 
3. In the afternoon Dr Jena gave a presentation on the role of NBFGR in fish genetic resource 
management.  India’s share of global trend in fish production has increased from about 3% in the 
1950’s to 5.5% in 2011. Much of the increasing trend in production has come from inland fisheries 
while marine production has remained stable for the last 10 years. A lot of the increasing production 
has come from freshwater aquaculture. It is expected that marine capture fisheries will continue to 
account for about 3.5 million tonnes by 2020 while freshwater aquaculture will almost double from 
about 4 million tonnes to 7 million tonnes.  The role of NBFGR is to collect, classify, and catalogue 
the fish genetic resources of the country as well as the maintenance and preservation of genetic 
material and conservation of endangered species. The bureau is also responsible for the evaluation 
of indigenous and the impact of exotic species.  NBFGR is in a unique position since India is one of 12 
mega biodiversity countries containing 4 of 32 biodiversity hotspots worldwide. India contains 7.5% 
of the world’s biodiversity and a total of 2,508 known fish species and 291 exotic fish species.   The 
bureau has conducted genetic stock structure work on 24 fin fish and five shellfish species using 
mitochondrial DNA, microsatellites and allozymes and barcoding over 450 species.  NBFGR takes on 
the role of conservator by gamete cryopreservation, live gene banks, enhancement through ranching 
and captive breeding, and the collection of cell lines and stem cells. 
4. Dr Rudolf Hermes provided the participants with an overview of the different Large Marine 
Ecosystem Projects world-wide, and then specifically the ongoing BOBLME Projects of which the 
Indian Mackerel Genetic study is but one of many projects. The Bay of Bengal Large Marine 
Ecosystem Projects consists of eight countries covering an area of 6.2 million km2 and affects 450 
million people.  The projects involve trans-boundary issues of fish overexploitation, habitat 
degradation, and land-based pollution.  There are ten major areas of work including: regional and 
trans-boundary diagnostic analysis and strategic action plans; integrated coastal management; policy 
harmonisation; fisheries resources assessment and management; critical habitat management; 
ocean dynamics, productivity and climate change; marine protected area/fish refugia; ecosystem 
health indicators; land-based pollution sources; and communications. As far as the fisheries work is 
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concerned there are stock status reviews, and assessments, research programs (including this one 
on Indian Mackerel genetics), stock assessment capacity development, creation of regional fisheries 
management advisory committees and training courses, and defining performance indicators for 
fisheries management.   
5. Mr Candy provided a review of scope of the Project briefly outlined the working group’s 
objectives as developed and defined at the Colombo meeting in May 2012. The overall objective is to 
complete the analysis of genetic stock structure for Indian Mackerel in the Bay of Bengal region 
using the newly available set of microsatellite markers.  Also he outlined the schedule of activities 
for the week as set out by the NBFGR Kochi Unit genetics lab. Generally it consisted of morning 
lectures followed by afternoon practical training in the lab for the participants.  
The overview of the week’s activities included: 
• discussing the status of sampling Indian Mackerel tissues for the genetic analysis 
• reviewing the Savannah River Ecology lab and NBFGR cross-primed  microsatellite markers 
• theoretical and practical application of techniques for DNA extractions 
• theoretical and practical application of techniques for DNA amplification 
• visit the genotyping centre –SciGenom Genotyping Facility, Kochi, India 
• Sunday was reserved for a field trip to visit Lake Vembanadu. 
• training on analytical techniques for the Indian Mackerel  genetic data 
• next-generation sequencing techniques and applications  
• timeline for the next steps to complete the genetic work 
6. Dr Gopalakrishnan outlined the organizational structure of the National Bureau of Fish Genetic 
Resources and the shared responsibilities for work carried out at the Kochi Unit and the Lucknow 
Head Quarters in northern India. He gave a description of different types of genetic variation and the 
mechanisms that drive mutation and the ordering of taxonomic groups. There are a number of 
different types of markers that are available for the geneticists to use and these can be associated 
with non-encoding and encoding parts of the genome. He reviewed quickly the types of equipment 
and the processes that are required to determine genetic variation.  As well he mentioned some of 
the measures of genetic variation commonly used. Barcode of life is a valuable method for 
documenting variation at a species level and new machinery may become available to do this quickly 
and efficiently.  
7. Dr Basheer gave a presentation on the identification of different species of Mackerel and sampling 
strategy for molecular work in general and specific sampling strategy for Indian Mackerel 
microsatellite work in particular. The steps outlined were to decide on the particular use of the 
tissue collection first, is it for barcode work, disease tests or genetic stock structure? Once the 
sampling strategy has been decided the tissues are collected, they must be properly stored then 
undergo vouching and archiving. The tissue selected will depend on the organism to be studied and 
the type of molecular work to be undertaken. Using specific tissues has the added benefit of 
reducing the risk of cross-contamination.  Many types of tissues can be collected bone, feathers, 
scales, hair, muscle, skin and blood. Depending on the use of the tissue, brain, testes or ovary, liver, 
kidney, heart, and skeletal muscle can also be collected. The nucleated erythrocytes of 
non-mammalian vertebrates provide a convenient source of DNA because they do not contain any 
connective tissue. Fin clips are convenient for non-destructive sampling of fish. Tissue samples 
should be preserved immediately to prevent enzymatic action within the cells from degrading the 
DNA. Fresh tissue is preferred for mtDNA because freezing may break the mitochondrial 
membranes.  If genomic DNA or total cellular DNA with the mtDNA fraction is desired frozen tissue 
can provide high quality DNA. Samples that have been degraded may still amplify for low molecular 
weight fragments. Field collections of tissue should have some corresponding biological information 
such as habitat, location, life-stage, condition, and any other unique attributes.  Sampling can be 
costly so as much information as possible should be collected at once. Time and expense associated 
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with expedition to remote areas or sampling at sea can be very costly.  Sometimes these collections 
can involve rare, range-restricted or endangered species.  Tissue samples should be maintained at 
low temperatures, excluding light and other forms of radiation, also removing water and oxygen and 
sterilizing against micro-organisms. This usually is done by freezing or desiccation or adding a 
preservative fluid. Small blood samples can be collected in heparinized hematocrit or 
microcentrifuge tubes where larger volumes are required, blood can be collected from the heart or 
caudal vessels using a heparinized syringe. Anticoagulant should be added to the blood samples that 
will be stored. Specimens can be stored for several weeks at -20 to -80oC. DNA can be purified from 
dried blood that has been spotted onto filter paper. Qiagen provides a filter paper impregnated with 
various compounds for DNA stabilization which provides a convenient way to store DNA. Most 
samples have been placed in fluids for preservation. Ethanol is well suited to store tissue but must 
always be in a high ratio of ethanol to tissue and larger tissues (~ 5 mm) should be cut so as to allow 
rapid penetration of the ethanol. To prevent cross-contamination individual tissues should be stored 
in separate containers. If samples are stored in the same container then polyethylene sack can be 
used to separate the individual samples. All dirt and contaminating organisms should be removed 
from the specimen.  Samples must be labelled clearly this should include species (if identified), 
collection locality, habitat description in brief, date of collection, collector, and voucher number. 
When working as a team all team members should be conversant with the system used to identify 
and inventory samples. Permanent ink markers or heavy lead-pencils may be used for labelling. The 
labelling method must be tested beforehand in water, ethanol and extreme temperatures to insure 
that labelling will remain legible. Alternatively, labels can be etched into glass or plastic tubes with a 
diamond-tipped pen. Long-term of most formal frozen tissue repositories maintain samples at -130 
to -150oC in ultra-cold freezers, however most tissues will remain indefinitely stable for extraction of 
DNA and proteins if maintained at -70 to -80oC. Protocols for collection of blood and tissue are 
outlined. 
8. See Appendix II for the workshop agenda. 
9. See Appendix III for a list of PowerPoint presentations given during the workshop. 
10. A video prepared for the NBFGR staff of the week’s activities can be seen at 
http://www.youtube.com/watch?v=jWRv5i37Hfc   
3. Day two activities – DNA extraction 
11. Tissues into individual ethanol vials is the standard protocol for Indian Mackerel tissue sampling 
as established at the Colombo meeting. However, Mr Candy gave an overview of a different 
sampling technique employed for high throughput sampling by the Canadian Department of 
Fisheries and Ocean lab at the Pacific Biological Station, Nanaimo British Columbia.  Streamlining 
tissue collection can create huge savings for projects were between 10,000 -15,000 samples are 
collected and analysed over a three month period. Instead of using ethanol vials, fin punches are 
stuck directly on Whatman filter paper. The tissue is air dried instead of dehydrated in ethanol. The 
quality of the DNA preservation was found to be the same, both air drying or dehydration by 
ethanol, prevents enzymatic reactions fragmenting and degrading the DNA in the tissue sample.  The 
Whatman paper is however, about 1/20 of the cost ($1.50 for 100 samples) compared to a standard 
DNA sampling kit of 100 1.5 ml vials and laboratory grade ethanol ($20.00 for 100 samples). Also 
samples can be shipped through the postal service without invoking “dangerous cargo” regulations 
associated with ethanol. Whatman paper is “environmentally friendly”, samples once analysed can 
be easily disposed in the local waste. Regulations in Canada ensure that the ethanol is removed and 
plastic and tissue are separated before being disposed in local landfills.   
12. Dr Divya outlined extraction protocols which would be practiced by the participants in the 
afternoon practical portion of the workshop much of this is covered in the “Training manual on 
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satellite Markers”, a manual developed by NBFGR. As mentioned previously DNA can be extracted 
from most tissues in the organism. The basic steps in DNA extraction involves first breaking the cell 
open called cell lysis this is achieved by chemical and physical methods. Next, lipid membranes are 
removed by adding a detergent or surfactant which also serves in cell lysis. The proteins in the cell 
are removed by adding a protease and the RNA is removed by adding an RNAase. Next the DNA is 
purified after the previous steps to remove all unwanted reagents. Three types of DNA extraction 
method can be used:  1) the phenol-chloroform extraction which is an organic type of extraction; 2) 
ethanol precipitation where the precipitation of DNA is improved by increasing ionic strength by 
adding sodium acetate, non-organic type of extraction; 3) minicolumn purification that relies on the 
fact the nucleic acid may bind to the solid phase of silica or other surface depending on the pH and 
salt content of the buffer. The phenol chloroform extraction is cheap and has less risk of 
contamination but is very toxic and the extraction process takes two days. The salting out protocol 
has advantages over the phenol chloroform extraction is that cheap and easy but is not toxic and 
consumes less time. Another alternative is to use kits such as the DNAeasy kits which is a silica based 
extraction process. The advantage of the silica based extraction is that they are quick with highly 
purified DNA but can be risk of contamination due to multiple sample transfers. The quality of the 
DNA extraction is important because poor quality DNA will not perform well in PCR. Finally the FTA 
paper is another way of sampling DNA where reagents are impregnated into Whatman paper to stop 
DNA degradation. 
 
 
Photo 2 - Dr Kathirvelpandian demonstrating to participants during the practical portion of the 
laboratory work. 
13. Afternoon - Hands on practical in the lab using the salting out protocols and the DNA extraction 
kits.   
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4. Day three activities – PCR for microsatellites 
14. Dr Gopalakrishnan provided an overview and theory of the use of microsatellite markers for 
differentiating populations within a species. Microsatellites have become a popular type of DNA 
marker because they are powerful for quantifying genetic variation within and between populations. 
They are also called STR or short tandem repeats, SSR or simple sequence repeats or VNTR variable 
number tandem repeats. They are repeated sequences of DNA with repeat size of 1-6 bases 
repeated. Each locus will have one set of primers which are attached to the flanking regions for PCR.  
Individuals in a population vary but the number of alleles at a locus owing to the gain or loss of one 
or more repeats and they can be differentiated by their overall size determined by the number of 
bases between the flanking regions.  So in other words, the repeat region is variable between 
individuals but the flanking regions where PCR primers bind are constant. There can be two states 
where the individual is homozygous both allele are the same length or heterozygous where each 
allele is different lengths. Microsatellites can be perfect in that there are only repeat sequences 
between primer binding sites or the can be imperfect where there are some non-repeat sequences 
mixed in. Microsatellites can be compound where there are a mix of say two and three base repeats 
or complex where there are different bases repeating. The number of repeat bases determines the 
type of microsatellite so a four base repeat is called a tetranucleotide. Microsatellites are 
co-dominant and are inherited in a Mendelian fashion. Polymorphic loci can have alleles as high as 
40-50 bases per locus. Most are reported to be from non-encoding regions of the genome and 
therefore thought to be independent of selection. The number of allele change as a result of 
slippage error and recombination while the flanking region is highly conserved.  An advantage with 
using microsatellites is that STR analysis can be done with less than one nanogram of DNA for as 
small a tissue as a single flake of dandruff. Microsatellites are abundant in eukaryote genomes, 
approximately 103 to 105 loci dispersed at every 100-300 kbp whereas SNP are every 500 bps. A 
co-dominant marker means that one genotype comes from the female and one from the male. For 
example, the father might have a 120/120 allele while the mother has a 140/140 allele the only 
possible genotype for the child will be a 120/140 genotype. Microsatellites are not always associated 
with no-encoding regions of the genome. A trinucleotide microsatellite shows close proximity to an 
MHC (Major Histocompatibility Complex) region in humans on chromosome 6.  Insulin Dependent 
Diabetes Mellitus (IDDM), Narcolepsy, Uveitus, and additional disorders can be determined by 
screening the allele sizes of this microsatellite loci in close proximity to these genes (Goldstein and 
Schlotterer 2001). There are a number of applications when using microsatellites, these are: forensic 
work on crime scenes, parentage testing, victim identification in mass disasters, breed identification, 
conservation biology and population genetic studies, bone marrow transplant monitoring, selective 
breeding.  For all these applications the process is the same: 1) extraction of DNA; 2) primer design; 
3) PCR amplification; 4) visual of microsatellite PAGE & silver staining, automated genotyping using 
fluorescent dyes; 5) analysis of data and interpretation of results. There are a number of methods 
used for microsatellite discovery. The first method involves cross-priming. The development of 
polymorphic microsatellites can be determined by finding primers in related species usually the 
same Genus or Family. First step is to order the primers and try to amplify the in the target species 
usually around 20 individuals. Use gel electrophoresis and screen for polymorphism. Then select the 
best loci that amplified. Next, confirm the occurrence of the microsatellite in the target species by 
cloning and sequencing the PCR products. If found to contain repeats select the loci and rule out null 
alleles and linkage. Next, screen larger number of samples and analyse the data. Another method 
(option 2) of microsatellite discovery (Glenn and Schable, 2003) starts with fragmenting the DNA 
once extracted using restriction enzyme then add a linker ligation to provide a primer bind site for 
subsequent PCR. Use Dynabead for enrichment to capture DNA fragments with microsatellite 
sequences complementary to the biotinylated microsatellite probes while removing other 
fragments. PCR enrichment of DNA. Ligating enriched DNA into plasmid. Transforming plasmid DNA 
produce competent cells. Then PCR and storing positive (white) colonies. PCR purification using 
Report of the Indian mackerel genetics harmonisation training workshop 
7 
 
EXosap, DNA cycle sequence, Sequence check for microsatellite repeats followed by primer 
development.  The third approach is to use the 454 sequencing using parts of both first and second 
options. This is expensive and is usually outsourced but can identify ~200-500 bp loci quickly. There 
are certain criteria for primer designs: 1) complex enough that there is no likelihood of finding 
sequences other than target. There are probably of 16 base sequence in a genome is one in 4 billion 
so you want a minimum length of 17 bp. An ideal length range would be between 17-30 nucleotides.  
Design guidelines for primers. The G-C has 3 hydrogen bonds while A-T have 2 hydrogen bond, 
therefore takes more heat to separate, so the ideal content of G-C is between 35-60%. Differences in 
G-C content in forward and reverse primers not more than 5%. More G-C content in the primers 
leads to poor denaturation even in 95oC. Both primers should have similar melting temperature (Tm ) 
values. To calculate melting temperature 2oC x the number of A-T and 4oC x the number of G-C for 
primers of 15-25 bases. Avoid complementary sequences between the primer pairs and within a 
primer. Avoid complementary of two or three bases at the 3’ ends of primer to reduce primer-dimer 
formation. Avoid mismatches between the 3’ end of the primer and the target-template sequence. 
Avoid 3’ end T because T at the 3’ end have the greatest tolerance for mismatches. Have a rich G-C 
3’ end called a G-C clamp because these have 3 hydrogen bonds and binds more strongly than A and 
T. The primer with this 3’ end will make the end more stable and can increase PCR yields. There are 
an number of commercially available primer design computer software: Primer 3, Primer Designer 
1.0, Scientific software 1990, Oligo. PCR steps for microsatellite amplification consists of the 
following steps: initial step denaturation, Denaturation, Annealing, Extension, Elongate extension, 
and soak. PCR products can be visualized with Silver staining following PAGE, alternatively, 
microsatellite can be multiplexed using fluorescent dyes and automated genotyping. Application of 
microsatellites for forensics use Combined DNA Index System (CODIS) is the FBI’s DNA database, 
launched October 1998 used for linking serial crimes and unsolved cases with repeat offenders 
requires >4 RFLP makers and/or 13 core STR makers.  Considerations during the setting up of PCR, all 
components should be kept cool on ice, must avoid contamination with not target DNA in the area, 
so that PCR set up and gel running area should be separate, and pipetting should be done precisely. 
Must avoid mixing different PCR products while loading the gel. Always load standard DNA 
molecular weight marker in one of the lanes for determination of molecular weight and standardized 
the running for every new fragment so that all alleles are resolved. Some of the problems that can 
occur is that primer binding sites are highly specific and if not designed properly there can be 
intermittent failure. Also if there are some mutation in primer binding sites and the regions between 
primers can create null-alleles and wrong genotyping. Also there can appear stutter bans this is often 
caused with more di and less tetra amplification and “Plus A” where non-templated incomplete 3’ 
additions leading to split peaks. Need sufficient sample sizes to properly characterize the population 
with highly polymorphic loci. Also should have 12-15 loci. The allelic frequencies of multiple 
collections from same river/population during different year were tested for significant homogeneity 
(G-test). If the genotype data sampled from the same river/population exhibit homogeneity then 
they can be pooled and data sets combined for further analysis. The genetic variability that is 
detected will depend on a number of conditions. This includes the number and percentage of 
polymorphic loci, the observed and effective number of alleles, linkage disequilibrium (loci 
independent), overall allele frequencies, heterozygosity (observed and expected), number of private 
alleles and Hardy-Weinberg expectations (HWE). There are a number of measures of genetic 
differentiation, the co-efficient of genetic differentiation (Fst) is probably one of the most common. 
It is a measure of population differentiation and ranges from 0 where any two populations have the 
same allele frequencies at all loci to 1.0 where any two populations are fixed for different alleles at 
all loci. Genetic distances are most commonly visualized by using dendrograms or trees such as 
UPGMA or Neighbor-Joining. There are a number of programs that can analyze either the individual 
mulitlocus genotypic data or a distance measure some of these are Genepop, Genetix, Popgene, 
Winboot, Mean-field Annealing/Partition Optimization using Restricted Growth Strings 
(MFA/PORGS), and Structure to name a few. The steps in test a new dataset are check allele 
Report of the Indian mackerel genetics harmonisation training workshop 
8 
 
frequencies where there are multiple collections of the same river to test for significant genetic 
homogeneity using exact or G test. If samples are found to be homogenous (P>0.001) pool samples 
of different collections of same river into one population. Next test for linkage disequilibrium using 
pair-wise loci where the null hypothesis is that there is no linkage disequilibrium. Select all the loci 
that are in linkage disequilibrium and discard those that are in linkage equilibrium. Null alleles are 
where one of the two alleles do not amplify therefore the fish is assumed to be homozygous instead 
of the true heterozygous. The null hypothesis is that there are null alleles so if not significant 
(p<0.05) then select those loci for further analysis. Genetic variability is % polymorphic loci, observed 
vs effective number of alleles, private alleles (only occurring in one population), observed and 
expected heterozygosity (for microsatellites and allozymes), and average gene diversity (H) for 
RAPD’s only. HWE can use Genepop to determine if there are a deficiency or excess of 
heterozygotes, where observed and expected (kIdeal =0.0000) is here is no significant difference. 
Genetic differentiation (Wright’s FST) can be determined pair-wise and overall. For microsatellites 
can also use RST for allele sizes and overall GST for RAPDs only. Genetic distance data can be 
visualized using dendrograms or trees which sequentially group populations from most similar to the 
least similar starting at the branch ends working back toward the root. Also AMOVA or hierarchical 
analysis of genetic variation can be used to assign the portion of variation found within and between 
the populations. For populations where census size is small or expected to have gone through a 
period of reduction programs such as Bottleneck can be used to look at the number and distribution 
of allele to determine level of gene-flow and inheritance traits of a population. 
15. Dr Gopalakrishnan gave brief outline of the steps used to develop a set of microsatellite marker 
using cross-priming. Cross-priming involves taking sets of markers developed for other closely 
related species and testing them on the target species. Similarity in DNA sequences between species 
makes it possible that a common priming region may exist for loci although the number of repeat 
sequences might be quite different. The first step is to scan the literature/NCBI and find primers in 
the related/Scombroid species. These primers are then ordered and try to amplify the target species 
using about 20 individuals. For those that work PCR is optimized. Using gel electrophoresis the PCR 
products are screened for polymorphism and the best are selected. The next step is to confirm 
through cloning and sequencing the PCR products. Finally through screening larger number of 
samples and genotyping and data analysis the researcher and ensure that there is not linkage 
between loci or that some loci have null alleles. The following table are an example of 8 loci 
discovered by the NBFGR lab. The CMFRI lab is also undertaking some cross-priming work for Indian 
Mackerel but the results are not shown here. 
 
Table 1 - Eight loci for Indian Mackerel discovered by the NBFGR lab using cross-priming resource 
species. This table provides the loci name, primer sequences and publication reporting the 
sequences. 
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Table 2 - Eight loci for Indian Mackerel discovered by the NBFGR lab using cross-priming comparing 
resource and target species. This table shows the loci name, donor or resource species, repeat 
sequences in resource species, base pair size range in resource species, repeat sequence in target 
species, annealing temperature, base pair size range in target species and number of alleles found in 
target species. 
 
 
Figure 1- Example of genotyping results for cross-primed loci Sa 2068 taken from resource species 
Scomber australasicus showing repeat sequences and base pair sizes for 12 individuals. 
 
16. An alternative to cross-priming is to focus marker development on the target species; this 
involves sequencing portions of the Indian Mackerel genome for microsatellite discovery. At the 
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Colombo working group meeting in May 28-29 2012, it was determined that since so few Indian 
Mackerel specific markers were available that some should be developed directly from the Indian 
Mackerel genome.  In Nov-Dec 2012 the Savannah River Ecology Lab, University of Georgia was 
contracted to develop a set of microsatellite markers. They received 14 tissues in early November 
2012. An Illumina Highseq using 100 bp paired end reads were used to produce 5 million reads. The 
program PALFINDER was used to determine the microsatellites. Fifteen suitable microsatellites with 
three to five base pair repeat were discovered. Mr Candy showed a examples from Castoe et al. 
2012, Coral Snake (Micrurus fulvius) where a total number of 26,831 reads with a mean length of 
288 base pairs, discovered 3,840 microsatellites of this a smaller portion were considered to have 
potentially amplifiable regions (PALs).  Below are the specifications for the 15 microsatellites 
developed by the Savannah River Ecology Lab. 
 
Table 3 – Fifteen new microsatellite markers developed using the Indian Mackerel DNA. From left to 
right, the loci name the forward and backward primer sequence, the repeat sequence, the base pair 
size range, the number of sample used in the analysis, the number alleles seen, the observed and 
expected level of heterozygosity and the annealing temperature  
 
17. The final presentation for the third day by Dr Kathirvelpandian who provided and overview and 
the theory behind Polymerase Chain Reaction (PCR).  PCR is a technique used to amplify the number 
of copies of a specific region of DNA in order to produce enough DNA to be adequately tested. The 
purpose of PCR is to make a huge number of copies of a gene. As a result it become possible to 
analyse and characterize DNA fragments found in minute quantities such as from a drop of blood or 
cell from an extinct dinosaur. The timeline in the development of PCR is quite recent. DNA was first 
isolated in 1869 then not until 1985 before it was amplified in E. coli was amplified with a DNA 
polymerase. The Taq DNA polymerase amplification was achieved in 1988 and in 1989 Taq 
polymerase was cloned and expressed in E. coli. Kary Mullis the inventor of PCR was awarded the 
1993 Nobel Prize in Chemistry. PCR was more of an invention rather than a discovery. The special 
DNA polymerase (Taq) was used to make many copies of a short length of DNA (100-10,000 bp) 
depending on the separation of the primers. 
The PCR reagents include 1x buffer for conducive environment, MgCl 2 for fidelity, dNTPs provides 
the building blocks, Primers as the initiators, DNA polymerase an the chain builders, and DNA as the 
template. The templates for PCR can be any one of a number of sources, dried blood, reproductive 
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products, hair, skin, insects in amber or Egyptian mummies. The initiation stage the original strand of 
DNA are separated to form the replication eye. The double strand replicated is now called the 
replication fork. Certain enzymes are important at different stages of the PCR reaction. At the start 
of the PCR reaction the heating acts to melt the DNA requiring enzymes Helicase, SSB proteins, and 
Topoisomerase. Next the Taq Polymerase requires DNA pol. The primers then start in the reaction 
mix using Primase.  Ligase catalyzing the formation of the phosphodiester bond repairing single 
strand breaks but not important because fragments are short. PCR reaction is initiated with a 
“melting step” heating to around 94oC which separates the two strands. Followed by an “annealing 
step” where the PCR is cooled to around 50oC and primers bind to flanking region. This is followed by 
an “extension step” at around 72oC when complementary base pairs are added to the single strand 
of template. The process is repeated around 30 times creating billions of copies of the original 
template.  
In order to optimize a PCR reaction the concentrations of buffer can be altered and KCl facilitates 
primer binding but can inhibit the Taq if exceeds 50mM. A number of other buffers DMSO, BSA, 
gelatin, glycerol, Twee-20, Nonidet P-40, Triton x-100 can be added to aid the PCR but since there is 
enhanced specificity with some of these they can also be inhibitory. Pre-mixed buffers are also 
commercially available. The second method of optimization is to change concentrations of MgCl2. 
MgCl2 is required for primer binding, it affect the melt temperature (Tm) primer-template 
associations, product specificity, enzyme activity and fidelity. The dNTPs primer and template 
chelate and sequester the Mg ion therefore concentration must be higher than the dNTPs. However 
if there it too much magnesium this can cause non-specific binding an too little can give reduced 
yield of PCR product. There is often a compromise be yield and specificity.  The third option for PCR 
optimisation has to do with primer design. Primers should have lengths of 18-30 nucleotides, 
function with annealing temperatures between 50oC and 70oC with an ideal range between 58oC and 
63oC. The G-C content should between 40-60% which is critical for 3’ end. There should also be a G-C 
clamp, which is a G or C at the 3’ terminus. Inner self-complementarity bases can lead to hairpins 
and dimers. Also concern about 3’ complementarity where 3-4 bases are the same as other primer 
regions.  Annealing temperature and primer concentrations can also be optimized. The annealing 
temperature (AT) can be calculated along with the melting temperature (Tm). Where Tm=2(A+T) + 
4(G+C) and AT=TM-5oC. However the optimal annealing temperature often varies from the estimate 
Tm even when using pairs of primers with a similar Tm value steps of 2oC so temperatures must be 
confirmed with trial and error. Primer concentration must be determined by running a series of 
concentrations to see what is optimal for visualizing the PCR products when genotyping.  The fourth 
optimization consideration depends on the cycling conditions. Some Taq polymerases require and 
initial denaturation step (hot start). Concerns with decreased in annealing temperature during 
cycling can result in non-specific binding and increasing annealing temperatures can result in 
reduced yield.  The cycle number is also important where the theoretical yield is 2n. There is a 
“plateau effect” in amplification after a certain number of cycles, this is due to the Taq becoming 
increasing less efficient as the numbers of cycles increases.  
As a general optimization strategy, start with optimal primer pairs, calculate Tm, set up a standard 
PCR mix to incorporate a range of Mg2+ concentrations. Use appropriate positive and negative 
controls. Amplify and analyse the products. If there is weak or no products, increase the number of 
cycles at constant annealing temperature, use more template and check for inhibitors, increase 
template denaturing time, and or temperature, vary concentration of buffers and possible add PCR 
enhancers to the mix. If multiple products or smeared looking product is observed. Try raising the 
min and max of AT increase number of cycles, check buffer components, attempt band purification 
and then re-amplify. As last resort abandon primer set and begin again. Sometimes there can be 
non-specific amplification. Try using TD PCR which favours enhanced specificity and sensitivity, 
further optimization of the primers change concentrations of Mg2+, dNTP, Taq, annealing 
temperatures, ramp speed and target temperature, template denaturation efficiency.  
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18. Afternoon – Hands on practices for PCR 
5. Day four activities – Genotyping microsatellites 
19. Mr Candy presented on data standardization, genotyping and multiplexing microsatellites. 
Standardization is important to ensure that data generated at different times in the same lab or in 
different labs or on different genotyping platforms is concordant.  One approach is to develop an 
allelic ladder for microsatellites (LaHood et al. 2002).  An allelic ladder is developed first by 
genotyping a large number of fish to determine size ranges. Those individuals having allele sizes that 
represent rungs on the ladder are selected to be part of the allelic ladder.  These are selected as a 
standard set of fish and the PCR products are combined into one tube. Each of the other 
participating laboratories run these fish as an allelic ladder with their samples. Allele calls 
determined by the first lab is then used to reference sample for calibrating the sizes from all other 
labs.  
Standardization without an allelic ladder requires standard operating procedures (SOPs) for 
extraction, amplification, genotyping, and allele calling. Extraction kits such as Qiagen DNAeasy kit 
can be used to standardize the DNA extraction process. Also all labs should have a common source 
for primers and ideally all use the same genotyping platform. To ensure that allele calling is the same 
across labs, a plate (96 fish) of the same fish should be run by all labs and the allele calling checked 
to ensure concordance.  Possibly the largest standardization effort ever for microsatellites occurred 
for 11 fisheries genetic labs along the west coast of North America.  This standardization effort 
required 13 microsatellite loci from Chinook Salmon (Onchynchus tshawytscha) to develop a 
coast-wide baseline from California to Alaska. Of the 11 labs 9 participated in the standardization 
and two labs works at officiating the blind sample testing.  Two samples of 96 fish were where taken 
from mixed stock marine fisheries. Each of the labs extracted the DNA, amplified and genotyped the 
unknown fish for 13 microsatellite loci.  For the first sample of 96 fish the labs were 95% concordant 
(Seeb et al. 2007). For the second example the concordance was 99% between the labs and the first 
sample was correct upwards to the same level with some data error removed. Below is an example 
of a standardization plate run by two labs showing for Pink Salmon (Oncorhynchus gorbuscha) for 
eight microsatellite loci. Of the 1336 alleles in the standardization test there were three allele calls 
different between the two laboratories resulting in a concordance rate of 99.8%.  
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Figure 2 – Plot of a standardization plate of 96 Pink Salmon tissues for 8 microsatellite loci between 
two fisheries genetics laboratories in North America (Department of Fisheries and Oceans, Alaskan 
Department of Fish and Wildlife). Of the 1336 allele there were three miss-calls or 99.8% 
concordance.  
The lessons learned from multi-laboratory standardization were that in order to be successful each 
of the labs must follow the Standard Operation Procedures (SOP) for extraction, amplification, and 
genotyping. Different genotyping platforms can provide different results although platform specific 
allelic size ladders are used. The final point is that laboratories cannot be too complacent about 
standardization, and it is an important element for multi-lab cooperative projects.  
20. Dr Kathirvelpandian explains the theory behind PAGE and capillary electrophoresis. 
Electrophoresis is the process of moving charged biomolecules in solution by applying an electrical 
field. Biomolecules moved with a speed dependent on their charge, shape and size and separation 
occurs on the basis of molecular weight. Samples are placed on the gel support, which is then 
subjected to an electric field. Usually multiple samples are applied and allowed to separate as they 
migrate toward the end of the gel. The location of the migration band and it’s intensity is 
determined. The gel may be positioned either horizontal or vertical with a “running buffer” that 
carries the current. The applied field causes migration of analysts for a set time and then the 
migration is measured.  When charged molecules are placed in an electric field they migrate toward 
either the positive (anode) or negative (cathode) pole according to their charge. The factors effecting 
migration:  net charge of the molecule, size and shape, and concentration of the molecule in 
solution. DNA is negatively charged and when placed in a electrical filed, DNA will migrate toward 
the positive pole (anode).  The velocity (v) of charged a molecule in an electric field is V=Eq/F where 
F = frictional coefficient, which depends upon the mass and shape of the molecule. E = the electric 
field (V/cm), q= net charge on molecule, and v= velocity of the molecule.  The buffer carries the 
applied current and determines the electrical charge of the solute. Higher ionic strength of buffer 
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produces sharper bands and produces more heat. Commonly used buffer is Barbital buffer & 
Tris-EDTA for protein and Tris- acetate-EDTA & Tris-borate-EDTA for DNA. The supporting matrix or 
gel inhibits convection and diffusion which would otherwise impede separation of the molecules. It 
allows a permanent record of results through staining after run. It can provide additional separation 
through molecular sieving.  There are two types of gel support: agarose electrophoresis is 
nonspecific binding for biological, low inherent charge, wide pores allow for working with large 
molecules; polyacrylamide is the most common support in gel electrophoresis (PAGE). The pore size 
can vary but polyacrylamide is typically smaller than agarose and is more suitable for proteins. 
Agarose is a highly purified polysaccharide derived from agar extracted from seaweed. These are 
long sugar polymers held together by hydrogen and hydrophobic bonds. Acrylamide gel structure is 
held together by covalent cross-links with bisacrylamide. Polysaccharide accounts for 0.5% to 3% 
and higher concentration of agarose is the “stiffer” the gel. Agarose gels have a large range of 
separation but relatively low resolving power. DNA fragments from 0.2 kbp to 50 kbp can be 
separated in agarose. Purified agarose is a powdered form and insoluble in water or buffer at room 
temperature but it dissolve in boiling water. Different purities of agarose are commercially available 
as are agaroses with different melting properties. Polyacrylamide gel electrophoresis (PAGE) is a mix 
of an acrylamide monomer, and is co-polymerized with a cross-linking agent methylene 
bisacryamide in the presence of an initiator ammonium per sulphate and a catalyst tetra methylene 
ethylenediamine. The gelation occurs due to vinyl polymerization and the relative proportion of the 
monomer and cross-linker decides the percentage of acrylamide and porosity. Use a lower 
concentration for DNA separation and higher concentration for protein separation. There is a high 
degree of reproducibility and precise porosity. The material is transparent, no endosmosis and do 
not absorb UV so is suitable for histochemical analysis. DNA of less than 0.5 kbd can be separated by 
polyacrylamide. The materials needed for gel preparation are: TBE buffer to maintain optimum pH, 
Acrylamide as a monomeric substance that can be activated to form long chain of polymers, 
Ammonium persulfate (APS) initiates gel formation by activating polymerization of acrylamide 
monomers, and Tetra methylene ethylenediamine (TEMED) which accelerates the polymerization 
process in conjunction with APS. Comparison between Agarose and Polyacrylamide Gel: agarose are 
poured horizontally instead of vertically; agrose separates large molecules instead of separating 
small molecules, agarose used for DNA separation instead of polyacrylamide used for both DNA and 
protein separation; staining step is before or after pouring the gel instead of staining after pouring 
the gel. Capillary electrophoretic has many advantages over gel-based electrophoresis. These are 
greater separation power, shorter analysis time, lower cost per sample with high throughput, less 
exposure to toxic substances, standards run with each sample increase the accuracy of allele calling. 
Elimination of labour involved in gel plate assembly and gel casting, requires less DNA, and 
automated data capture.  For gel electrophoresis the samples travel through a running buffer when 
electric field is applied and separation is stopped before analytes come to end of gel where a series 
of bands represent the analytes. The distance travelled is called migration distance (dm) which is 
compared to size standards. Alternatively, for a capillary system all analytes travel the same distance 
and the migration time (tm) for that distance is measured. The capillary tubes vary in length 
depending on the platform but are generally 20-100 cm long with a thickness of 0.5 mm and a small 
bore internally. The internal wall of silica helps dissipate heat from the voltage. The standard 
detection uses a laser that excites the fluorescence on the analyte. Sample packing occurs when the 
sample ionic strength is less than the ionic strength of the running buffer. With an applied field, the 
analytes will migrate through the matrix until reaching an ionic boundary between the sample and 
the buffer. Analytes will slow down there and concentrate, producing a narrow band. Entangled 
polymer solutions used in capillary systems are POP-4 and POP-6. POP-4 consists of 4% 
poly-dimethylacrylamide, 8 M urea, 5% 2-pyrrolidinone. The running buffer contains 100 mM TAPS 
and 1 mM EDTA with adjusted pH to 8.0. Sample preparation involves performing PCR with 
dye-labeled primers. The PCR product are diluted to 1uL with 24 uL deionized formamide, and 1 uL 
of ROX-labeled internal size standard. Denatured two minutes at 95oC in thermocycler then cooled 
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to 4oC in thermocycler or ice bath. Samples will remain denatured for at least 3 days. DNA fragments 
are labelled at the 5’ end using dye labelled primer resulting in a labelled PCR product. Because only 
one primer of each pair is labelled, the instrument detects only one strand for each amplified DNA 
fragment. The detection of only one strand eliminates doublets arising from the different mobility of 
complementary strands, which are often observed when using gel staining detection methods.  The 
names of the dyes used are from lowest signal strength ROX, TAMRA (Orange), HEX (Green), 
JOE,NED (Yellow), 5-FAM, 6-FAM, TET (Blue) to highest signal strength. These are used in dye sets. 
The sensor picking up each of the fluorescent dyes pick up at different wavelengths and there is very 
little crosstalk if since the dyes are spectrally separated. The GENESCAN software collects fluorescent 
emission of the dyes through one of four filter sets. 
21. Afternoon – Hands on practices for Electrophoresis, Silver Staining, documentation, and 
GeneMapper software 
6. Day five activities – data analysis 
22. Dr Gopalakrishnan reviewed the initial analytical steps required when evaluating genetic data. 
He reviewed the steps required for the combining multiple samples from river systems and using an 
exact test to determine if samples can be pooled. There was discussion of linkage disequilibrium, the 
potential for null alleles in datasets and how these can be handled. Aspects of genetic variability 
including observed and expected hetrozygosity, private alleles, observed and effective number of 
alleles, Hardy-Weinberg Equilibrium, genetic differentiation (Fst, Rst, Gst) and pair-wise genetic 
distance and similarity Index.  Also other methods of analysis including UPGMA dendrograms, 
AMOVA (analysis of molecular variation), and bottlenecks. Examples of these different types of 
genetic variability were presented.  
23. Mr Candy presented a number of useful genetic programs for evaluating genetic stock structure 
using variation in microsatellite data like that we are expecting from the Indian Mackerel project. We 
assume that loci have been screen for missing data, HWE, linkage disequilibrium, null alleles, and any 
other problems that could create bias in this analysis (Dr Gopalakrishnan went over much of this 
previously). Determining genetic stock structure relies on cluster analysis. It is about grouping of 
populations into defensible units that can have potentially big implications on fisheries management 
decisions. To be defensible, groupings should be statistically different, be supported by additional 
data collections, and hopefully make biological sense. Several different cluster methods are often 
employed and to ensure consensus across methods. Cluster analysis can be performed using two 
different forms of the data; clustering individual multi-locus genotypes (individual-based) or use the 
multi-locus genotypes to determine a summary statistic then cluster the statistic (distance-based). 
Programs such as STRUCTURE use individual-based clustering. An example is shown use the 
Rosenberg dataset (Rosenberg et al. 2002) by clustering global human populations.  While other 
programs such (MFA-PORGS, trees) use a distance-based measure for clustering. The advantage of 
using the individual genotypic data is the cluster analysis is not biased by the algorithm used to 
calculate the summary statistic, but the “signal” must be strong enough to be detected through the 
“noise” of genotypic variability when trying to cluster many multi-locus genotypes in typically high 
polymorphic microsatellite data. This program can be run with a priori assumptions about an 
individual’s group membership. The clustering problems become simplified when the genetic 
variability is reduced to pair-wise distances between populations using measures such as Ɵ, Weir 
and Cockerham (1984) approximation of Fst or Cavalli-Sforza and Edwards (1967) (CSE) geometric 
distance. Clustering algorithms used to visualize the data using trees (dendrograms) create different 
tree patterns (node memberships) when the level of differentiation is low. Two of the most common 
types of treeing algorithms are Neighbor-joining and UPGMA (Unwieghted Pair Group Means with 
Arithmetic Means). Kalinowski’s program TREEFIT (Kalinowski 2009) is a useful program tree because 
it uses GENEPOP formatted data and can produce a number of different distance measures including 
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Theta (Weir and Cockerham 1984), Ds (Nei 1978), Da (Nei 1987), and Dc (Cavalli-Sforza and Edwards 
1967). This program will also determine which cluster method using tree provides the best 
representation of the data by comparing the data matrix and tree configuration as an r2 value. In 
most case, Neighbor-joining provides a better representation of microsatellite data although UPGMA 
trees are frequently reported in the literature. Individual-based clustering can also be performed 
using Multi-dimensional Scaling (MDS) where the genetic data in m dimensional space is collapse 
into 3-D. The program GENETIX is useful for displaying and rotating clouds of individuals plotted in 
space. Genetic distance measures between two populations can be grouped as either genetic or 
geometric distance measures. CSE is an example of a distance measure that uses the cosine of the 
angle of two populations plotted in m-dimensional space. Other measures like Fst are genetic 
measures that are determined by the allelic frequency distribution. When analysing distance-based 
genetic data there are two approaches one is agglomerative where most similar populations are 
sequentially grouped and the other is divisive where populations are divided into k-groups. 
PORGS-MFA minimizes inter-cluster distance check all combinations use Restricted Growth Strings. 
However, “the curse of large numbers” due to 2n increase in combinations makes it impossible to 
exhaustively search for once the number of populations gets large. Instead Mean Field Annealing 
uses and Estimation-Maximization (E-M) algorithm to approximate the solution. If the same stock 
groupings emerge when using both agglomerative and divisive methods then the groups are 
considered “robust”.  Allelic richness or the mean number of alleles per loci within a population is 
another useful statistics when trying to understand stock structure. Samples with low allelic richness 
tend to inbred possibly have homozygous excess and can often appear genetically distinct. Other 
programs that are “user friendly” useful for analysing genetic stock structure are GDA which takes a 
nexus input format that can be easily converted from genepop format. It provides a easy way to 
obtain summary statistics and plot Fst tree removing and adding loci and populations with the 
program. The program ONCOR is a mixture analysis program that has a useful “leave-on-out” test to 
see how genetically distinct population are to one another. Arlequin has yet another input format 
but is useful hierarchical diversity analysis. EASYPOP is way to generate simulated microsatellite data 
initialized with user controlled parameters such as size and number of populations, sex ratio, 
number of loci and alleles, mutation model, and migration rates run through potentially thousands 
of generations.   
24. Hands on Practical – Data analysis using software programs Genepop, Genetic, Arlequin, PORGS, 
Structure Treefit. 
 
Photo 3 Hands on computer training for data analysis 
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7. Day six activities – field trip 
25. On the Sunday the group travelled by bus to Lake Vembanadu about 1 hour drive from Kochi and 
boarded a house boat. This day long trip on the boat motored through the canals of Lake 
Vembanadu stopping at several points of interest along the way.   
 
Photo 4 - Group picture taken on the house boat during the field trip to Vembanadu Lake, 
Kerala, India 
8. Day seven activities – emerging technologies tour of CMFRI and 
genotyping facility 
26. Dr Kathirvelpandian presented information on next generation sequencing (NGS) platforms 
which determine the order of the nucleotide bases adenine, guanine, cytosine, and thymine. The 
development of sequencing techniques started in the early 1970’s by two dimensional 
chromatography. In 1976-1977, Allan Maxam and Wallter Gilbert developed a DNA sequencing 
method based on chemical modification of DNA and subsequent cleavage at specific bases. In 1977 
Sanger and colleagues introduced the “dideoxy” chain-termination method for sequencing DNA 
molecules, also known as the “sanger method”. In 1975 the first complete DNA genome was 
sequenced for a bacteriophage. The first free-living organism to be completely sequenced was in 
1995, the bacterium H. influenzae with a genome size of 1.8 Mb. Sanger sequencing has been used 
for the H. sapiens and D. melanogaster (2001) and Global Ocean sampling expedition ~3,000 
organisms (2007). The first generation sequencing delivered the full human genome but has low 
sequencing fidelity, short read lengths, and long run time. Next generation sequencing is also called 
second generation sequencing or high-throughput sequencing. The major advantage is the ability to 
produced enormous volumes of data cheaply with up to one billion reads per run. It can be used for 
de novo sequencing where the primary DNA structure is determined without any preliminary 
information. It can be used for re-sequencing where the primary DNA structure or reference 
sequence is available. ChIP sequencing, Chromatin immunoprecipitation followed by sequencing for 
the study of protein-DNA relations. Also can be used for expression profiling where the 
measurement of the activity of thousands of genes at once and microRNA profiling where sequences 
of small-molecular weight RNA studies of the regulation of gene expression. There are a number of 
Report of the Indian mackerel genetics harmonisation training workshop 
18 
 
commercially available platforms these are Roche 454 genome sequencer, Helicos BioSciences 
HeliScope, Illumina Solexa genome sequencer, Pacific Biosciences PACBIO RS, DNA Electronics Ltd 
Ion semiconductor sequencing, and Life APG –SOLID 3. For all the sequencers the methodology is 
similar: first the template preparation using clonally amplified templates or single molecule 
templates; second sequencing and imaging using cyclic reversible termination, sequencing by 
ligation, single nt addition pyro sequencing or real-time sequencing; third data analysis alignment to 
reference sequencing or de novo assembly. In detail the step follow: a) genomic DNA isolation, b) 
DNA fragmentation and template generation, c) in vitro adaptor ligation, d) fragment 
immobilization, e) clonal amplification, f) sequence interrogation, g) sequence assembly. Most 
imaging systems have not been designed to detect single fluorescent events sot amplified templates 
are required. The two most common methods are emulsion PCR and solid-phase amplification. Steps 
for Emulsion PCR requires: fragment/mate pair target library, adapter ligation to end of target, 
separation to single strains, capture in beads, amplification of beads, depending on the platform 
immobilization of millions of beads onto polyacrylamide slide (Polonator), or chemically cross-linked 
to the amino-coated glass (Life/APG) or deposited into PicoTiterPlate wells (Roche). Single 
nucleotide addition or pyro-sequencing is a bioluminescence method that measures the release of 
inorganic pyrophosphate by proportionally converting it into visible light using a series of enzymatic 
reactions. There is no modified nucleotides to terminate the DNA synthesis and DNA polymerase 
action is controlled by a single addition of a dNTP in limiting amounts. Upon incorporation of the 
complementary dNTP, DNA polymerase extends the primer and pauses. DNA synthesis is reinitiated 
following the addition of the next complementary dNTP in thedispensing cycle. The order and 
intensity of the light peaks are recorded as flowgrams, with reveal the underlying DNA sequence. 
Insertions are the most common error type followed by deletions. For the Roche 454 single clonally 
amplified beads are deposited into titanium coated picotitre plate. Smaller beads with DNA 
polymerase, ATP sylphyrylase, luciferase and apyrase substrate adenosine 5 phosphosulfate are 
loaded into well surrounding the template beads. Individual dNTPs are then streamed across the 
wells and dispensed in a sequential order. The bioluminescence is imaged with a charge-coupled 
device (CCD) camera. The Illumina system relies on bridge amplification where forward and reverse 
primers are covalently attached to the slide. This produces 100-200 million spatially separated 
template clusters. It works on a process of cyclic reversible termination (CRT). It starts by 
introduction of the four fluorescently modified nucleotides. Washing removed remaining 
unincorporated nucleotides, imaging determines the identity of the incorporated nucleotides. 
Cleavage then removes the terminating group and fluorescent dye. Then washed again and then 
incorporate the four fluorescently modified nucleotides. The process repeats. The slide is partitioned 
into eight channels which allows independent samples to be run simultaneously. The four-colour 
CRT method uses clonally amplified template. The blocking group is 3’ allyl-2’ deoxyribonucleoside 
triphospatees or 3’ o-azidomethyl dNTP. The TCEP tris carboxy ethyl phosphine regenerates the 
oh-group. The four colours are detected by internal reflection fluorescence (TIRF) imaging using two 
lasers. The Helicos BioSciences system relies on the preparation of single-molecule templates. It 
requires less starting material for the template (<1 ug). This method does not require PCR. A 
single-molecule template is attached to a solid support by different methods for different NGS 
platforms. Individual primer molecules are covalently attached t the solid support. Randomly 
fragmented templates `200-250 bps with common adaptors to the ends are then hybridized to the 
immobilized primer. Single-molecule templates are covalently attached to the solid support 
hybridized with common primer. The system uses one-colour CRT coupled with a single molecule 
template where any incorporated nucleotide results in a fluorescent signal. Alternative methods use 
single polymerase molecules attached to the solid support. Larger DNA molecules can be used and 
can be done real-time. Real time sequencing images continuously incorporation of dye-labelled 
nucleotides during DNA synthesis. Pacific Biosciences is currently leading this effort. Single DNA 
polymerase attached to the bottom of zero-mode waveguide detectors (ZMW detectors) to obtain 
sequence information while phospholinked nucleotides are be incorporated into the growing primer 
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stand. Another system called Support Oligonucleotide Ligation Detection (SOLiD) uses sequencing by 
ligation (SBL) where a cyclic method that differs from CRT in its use of DNA ligase and either 
one-base-encoded probes or two-base-encoded probes. Unlike polymerization the ligation of the 
probe to the primer can be performed bi-directionally for either it s5’PO4 or 3’-OH end. A 
fluorescently labelled probe hybridizes to its complementary sequence adjacent to the primed 
template. DNA ligase is then added to join the dye-labelled probe to the primer. Non-ligated probes 
are washed away followed by fluorescence imaging to determine the identity of the ligated probe. 
The cycle can be repeated by using cleaving probes and by removing and hybridizing a new primer to 
the template. The two base-encoded probes have improved read accuracy. The Ion Torrent method 
is similar to other methods but uses semiconductor technology which reads the pH change by an ion 
sensitive field caused by the incorporation of dNTP and the subsequent release of H+ ion. The data 
analysis depends on the intended biological application as well as cost, effort and time 
considerations. The two strategies include either alignment to reference genome or de novo 
assembly. If there is alignment to a reference genome, for example in specific species of bacteria 
then the purpose is to catalogue genetic variation in multiple strains. This approach is cheaper and 
faster than Sanger sequencing. The limitations are that there might be aligning reads with repetitive 
regions in the reference genome and corresponding regions that may not exist in the reference 
genome due to structural variations. NGS platforms can be used to target specific regions of interest. 
All exons in a genome can be examined and also regions that are implicated in disease or 
pharmacogenetic effects. The method includes micro droplet PCR technology where a micro fluidic 
device creates aqueous picolitre-volume droplets of forward and reverse-targeting primers in an oil 
solution. Separate picolitre droplets contain fragmented genomic DNA and associated PCR reagents. 
Mixed droplets are thermal cycled in a single tube. In summary the application for NGS are: 
production of large number of low-cost reads, variant discovery, de novo assemblies of bacterial and 
lower eukaryotic genomes, cataloguing the transcriptomes of cells, tissues, and organisms, 
genome-wide profiling, species classification, gene discovery, and characterize the evolutionary 
relationships of ancient genomes. Certain platforms are better suited for certain applications. 
Different platforms have different design and chemistries. All methods sequence thousands to 
millions of clonally amplified molecules in a massively parallel manner. Orders of magnitude more 
information will continue to evolve.  
27. Visit to CMFRI library and museum and in the afternoon a visit to SciGenom genotyping facility.   
9. Valedictory function and day eight activities – cont. emerging technologies 
28. Yesterday Dr Kathirvelpandian provided an overview of next-generation sequencing platforms. 
Mr Candy presented some genetic stock structure applications using next-generation sequencing.  
Good candidates for next-generation sequencing are species with exhibit high levels of gene flow 
over much of their range. Low levels of divergence across broad geographic regions and there is 
conflicting evidence whether there is temporally stable low levels of genetic diversity over regional 
groups. There may be unexplained level of heterozygosity with other markers. Possibly there is 
diverse morphological and behaviour types that are unexplained by existing genetic studies with 
other marker types. That is they don’t show the expected levels of differentiation. So far we have 
been discussing microsatellite marks at this workshop. Another marker type is SNPs (single 
nucleotide polymorphisms). Much of the examples using next-gen studies for fisheries applications 
rely on SNP data rather than microsatellites because the read lengths can be about 100 bps. Since 
microsatellites are from non-encoding regions, there are thought to reflect true levels of gene flow 
because they can vary in length with impacting survival of the individual. The frequency of alleles 
varies due to the effects of straying, founder effects, genetic drift and possibly bottlenecks. 
Alternatively SNPs can be from either encoding or non-encoding regions so could evolve as a marker 
under selection. Unlike microsatellites that vary by the number of repeat sequences, SNPs vary by a 
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single base pair. For these example RAD sequencing (Restriction-site Associated DNA) has been used 
to survey the genome for variation. The advantage of RAD sequencing is that combines both marker 
discovery and population structure determination in one step. It allow discovery of both neutral 
SNPs and SNPs under selection. RAD sequencing starts by using restriction enzymes to cleave the 
DNA into many small fragments keeping each fish separate. A fragment from each fish is then 
barcoded with a unique code. Using an Illumina Hiseq the individual fragments along with the 
barcodes are sequenced out to 100 bps. These can be sorted using the barcode to identify 
individuals and grouped into their respective population samples.  Next, pair-wise comparisons of 
the individuals from each population surveyed to find a SNP that vary between the two populations. 
This is repeated over and over again with all the aligned sequences several thousand useful SNPs 
have been identified. The first example is Pacific Lamprey (Entosphenus tridentatus) study using RAD 
sequencing (Hess et al 2012). Lamprey are an andromous species that spend the majority of their 
lives in freshwater in a larval form. After 3 to 7 years the go to sea and spend an additional 2 to 3 
years before returning to spawn. There is a dwarf type that matures at only 370 mm instead of the 
typical 550-720 mm. Return time to spawn may provide a barrier to gene flow. Generally they are 
thought to have high levels of gene flow because it is not clear that they always return to the natal 
stream to spawn.  Early studies on Lamprey using a suite of nine microsatellite markers found little 
poor geographically-based separation between populations and an overall Fst value ~0.04 (Spice et 
al 2012). A total of 518 individuals from British Columbia, Washington, Oregon, and California were 
RAD sequenced. A total of 4,439 SNP markers were discovered. Of these, 165 SNPs markers were 
candidates to be from genes, and 43 were from known genes. A program LOSITAN (Antao et al. 
2008) was used to identify outlier SNPs with high Fst values as possible loci under selection. Average 
Fst values ranged from 0.00 to 0.64. Those loci above the 99% probability line (highest Fst) had Fst 
greater than 0.10. These high Fst loci provides significantly great power for separation than the set 
of microsatellite loci. The full set o SNPs provided better regional stock structure and certain SNPs 
were associated with run timing to the river and dwarfism.  
The second example is Eulachon (Thaleichthys pacificus) which is an important species for North 
American First Nations People who use it for food and ceremonial purposes. Eulachon contain up to 
15% of the body weight in fat and are commonly called candle fish because they can be dried out 
and burnt like a candle. Like the Pacific Lamprey, it is an anadromous species thought to have low 
homing fidelity for the natal stream. The Eulachon is considered a “endangered” species over much 
of its southern range by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC). 
Fourteen microsatellite markers have been developed for Eulachon and a baseline of spawning 
ground samples have been collected and analysed from south-east Alaska to the Columbia River, 
Oregon. The microsatellites show some regional structure from north to south. Arlequin indicates 
that 99.6% of the variability in the microsatellites is contained with the populations and less than 
0.4% between populations. Analysis of eight populations using RAD-sequencings returned 7,968 
SNPs. Preliminary analysis of this data indicated that mean Fst values were very small for the 
microsatellite markers of ~0.002 while the SNP markers all together had a Fst of ~0.005, almost 
double. Once the best SNPs are selected using outlier analysis the will be higher. Also a GENEPOP2 
test looks at success rates of self-assignment. This was similar to the ONCOR leave on out test we 
used the previous day. The RAD-SNPs provided almost double the self-assignment of 56% instead of 
23% for the microsatellites. In summary RAD sequencing is an example of an emerging technology 
for fisheries applications which in the future should have rapidly decreasing cost per fish and 
combines both marker discovery and phylogeny at the same time. The power of RAD sequencing is 
its ability to generate thousands of useful SNPs genome wide that should provide a definitive 
determination of genetic stock structure. Unlike microsatellites the RAD-SNPs are coming from 
genes under selection as well as neutral non-encoding parts of the genome. 
Report of the Indian mackerel genetics harmonisation training workshop 
21 
 
 
Photo 5 Closing Ceremonies after a successful Workshop with Dr Meenakumari DDG (Fisheries) ICAR 
in attendance. 
 
10. Action plan- timelines, standardization, and loci selection 
29. Action plans for completing the Indian Mackerel study were reviewed as part of Day Eight 
activities. Time is limited since the BOBLME project is scheduled to end by March 2014 and all work 
must be completed and reported upon. Each country was asked to complete a time line and outline 
any anticipated limitations which could interfere with the completion date (Appendix IV). Between 
September 2013 and February 2014 each lab must complete extraction, PCR, and send to genotyping 
facility their samples. Early February 2014 a final workshop is planned, possibly in Malaysia. Malaysia 
also requested to have India help with analysing 200 of their fish because they have the largest 
number of fish to analyse since they are also analysing samples from Maldives, Bangladesh, and 
Myanmar. 
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Table 4 Summary of action plans by country to complete the Indian Mackerel Genetic Study 
 
 30. Standardization is an important part of multi-lab genetic studies this is to ensure laboratory 
processes in different laboratories will produce the same allele calls. Ideally before running any 
country samples a standard set of individuals would be run by all labs. However, due to short 
timeline for completion of the project by February 2014, instead it is planned that 2 fish are run for 
every 96 fish submitted to the genotyping facility.  If all labs run the same two fish then we should all 
get the same allele calls indicating that the rest of the fish on that plate would be scored the same 
independent of which lab the samples were run.  
 
Figure 3 Plan for shipping standardisation samples to analysing laboratories discussed on the final 
day of the workshop. 
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31. By the end of September NBFGR lab has completed Indian Mackerel loci selection working with 
both the Savannah River Ecology Lab loci and the cross-primed loci from the NBFGR lab. Below are 
the loci chosen and the PCR conditions to be used by each of the labs.  
Project: “Genetic Stock Structure Analysis of the Indian mackerel, Rastrelliger 
kanagurta from Indian waters using Microsatellite Markers”  
(Funded by BOBLME/FAO) 
 
Report of the work done at NBFGR Kochi Unit. 
List of fourteen primers identified at NBFGR with optimal annealing conditions, which can 
be used for the genetic analysis of R. kanagurta. 
Sl. 
No. Locus Primer Sequence 5’--> 3’ 
Repeat 
motif Ta(
0C) Product size 
No. of 
alleles* 
1 Raka1 
F: GCTTGACTGTGTTGGAAAGAGC 
AAAG 58 164-292 
10 
R: AAAGACAGGAGCACGGAAGC 
2 Raka2 
F:TCATTGACTTTATTTCTGGCACG 
AATAG 58 192-332 
9 
R:AAAGCCCTGATGTCAAGATGG 
3 Raka10 
F:GAATATCTGGTAATGAGAACTAAATGAGC 
TGCG 64 292-344 
7 
R:  CAAGCAAATACTATACTACAATGACTGG 
4 Raka12 
F: TGGCTTCTGTAGTGTCAATTTGC 
ATCT 64 284-380 
10 
R:CATTCAGCTTGGTAAATGCCG 
5 Raka26 
F:CTACATGTCCAGCTGCAGGG 
ATT 62 183-198 
10 
R:GCAGATGATAACTCAATATGTGTTGG 
6 Raka46 
F:GAGGATATGCAGTGTCAGGAGG 
ATT 60 228-243 
9 
R: TTTATGTATCCATTATGGTCCAGG 
7 Raka48 
F:TCTTAATCTGCGCTAGTGGGC 
AATC 58 180-224 
10 
R:TTTGGCAATGAAACTATGAAGTCC 
8 KSJ 18 
F: GCTGGTCATTTGTATCTTTGA 
(GT)17 55 206-240 
10 
R: TGGCTGCCTTTTGAATAA 
9 KSJ 26 
F: GGAGCATTTGACAACACTTAC (GT)13AT 
(GT)3 
58 216-246 
9 
R: AGTCAGTTTTGGTGGATGAG 
10 SA2068 
F: CAAGACATGACAGTAGGACATTGAC  (GGA)9 
 
56 147-177 
9 
R: AGATTGGGAGTTTGTAGGGGTAATA 
11 SA2657 
F: TGTCAGAGATGTAGCACATACGG  (CA)19 
 
56 
 
 
240-324 
14 
R: AGCATTATCTGGTGCTGTAAGGA 
12 SA2770 
F: AGAAATGAAAAGGGCTTTAAGGA  (CA)22 
 
56 196-286 
15 
R: ACTGAGCTGCTTAAAATGCAAAA 
13 SCA 8 
F: TCAGCTGTTCATTCCCATAGCCCA 
(CA)21 59 140-174 
13 
R: ATGAAGGAACAATGAGCCTCCAGC 
14 
SCA30
  
F: TGGCTGTCGGTCACTCTGCCTC (GA/CA)2
3 59 
114-130 
 
7 
R: ACACACACGGGTACACACAGGG 
  *Fifteen individuals were used for primer screening 
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PCR CONDITIONS: 
PRIMERS: Sa 2068, Sa 2657, Sa2770, Sca 8, Sca 30 
95 0C   5 min 
94 0C  30 sec 
Ta 0C  45 sec       30 Cycles 
72 0C  1 min 
72 0C  10 min 
 
PRIMERS: KSJ 18, KSJ 26 
95 0C   11 min 
94 0C  1 min 
Ta 0C  1 min       30 Cycles 
72 0C  1 min 
72 0C  10 min 
 
PRIMERS: Raka 1, Raka 2, Raka 10, Raka 12, Raka 26, Raka 46, Raka 48 
95 0C   4 min 
94 0C  30 sec 
Ta 0C  25 sec       25 Cycles 
72 0C  30 sec 
72 0C  15 min 
 
 
 For the seven primers (Raka 1, Raka 2, 
Raka 10, Raka 12, Raka 26, Raka 46, 
Raka 48):  PCR reactions were carried out 
by using Applied Biosystem PCR master 
mix (AmpliTaq Gold PCR Master 
Mix - catalogue number 4316753).  
 
For the first seven primers (Sa 2068, 
Sa 2657, Sa2770, Sca 8, Sca 30, KSJ 
18, KSJ 26), 
 
PCR reaction mixture contains: 
 
1X buffer 
0.8mM dNTPs 
0.4 μM Primers 
1.5 mM MgCl2,  
1 unit Taq DNA polymerase with  
25-50ng DNA  
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Appendix I List of participants 
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Appendix II Workshop time table  
NBFGR-BOBLME 
Indian mackerel Genetics Harmonisation 
workshop 
20 – 27 August 2013 
National Bureau of Fish Genetic Resources, Lucknow 
Held at NBFGR Kochi Unit, CMFRI Campus, Kochi, Kerala, India 
 
 Date Time Programme 
20 August 
2013 
Tuesday 
10.30 – 11.30 Inauguration 
11.30 – 11.45 
11.45 – 12.15 
12.15 – 12.45 
12.45 – 13.30 
13.30 – 14.00 
14.00 – 15.15 
15.15 – 15.30 
15.30 till the 
end 
Self-introduction by the participants 
NBFGR and its role in conservation of fish genetic resources- Dr J. 
K. Jena 
Introduction to the programme and BOBLME Projects- Dr Rudolf 
Hermes 
Overview of the training programme - Dr John Candy 
Lunch Break 
Molecular Markers & their applications - Dr A. Gopalakrishnan 
Tea Break 
Key to identify three different mackerel species; Sample Collection 
& Storage –Lecture & Practicals - Dr V. S. Basheer 
21August 
2013 
Wednesday 
10.00 – 10.30 
10.30 – 11.15 
11.15 – 11.30 
11.30 – 13.15 
13.15 – 14.00 
14.00 – 15.15 
 
15.15 – 15.30 
15.30 till the 
end 
Latest techniques in sample collection and storage – Dr John 
Candy 
DNA extraction protocols- Theory: Dr Divya 
Tea Break 
DNA extraction - Hands on practicals (Salting out protocol) 
(Divya)  
Lunch Break 
DNA extraction - Hands on practicals (Using DNA Extraction Kit) 
(Dr Kathirvelpandian & Dr Divya) 
Tea Break 
Demo & Hands on practicals to continue 
22 August 
2013 
Thursday 
10.00 – 11.15 
11.15 – 11.30 
11.30 – 13.15 
 
13.15 – 14.00 
14.00 – 15.15 
 
15.15 – 15.30 
15.30 till the 
end 
Microsatellites / VNTR: Theory : Dr A. Gopalakrishnan 
Tea Break 
Development of microsatellite markers in Rastrelliger kanagurta- Dr 
A. Gopalakrishnan & Dr John Candy 
Lunch Break 
Practical : Setting up of PCR for microsatellites 
(Kathirvelpandian & Raja Swaminathan) 
Tea Break 
Hands on practicals: setting up of PCR- to continue 
23 August 
2013 
Friday 
10.00 – 11.00 
11.00 – 11.15 
11.15 – 11.45 
11.45 – 13.15 
 
13.15 – 14.00 
14.00 – 15.15 
Standardization, Genotyping & multiplexing of microsatellites- Dr 
John Candy 
Tea Break 
PAGE & Capillary Electrophoresis  (theory) : Dr A. 
Kathirvelpandian 
Microsatellites - Hands on Practicals: PAGE Gel casting & loading 
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15.15 – 15.30 
15.30 till the 
end 
(Divya) 
Lunch Break 
Microsatellites - Hands on Practicals: Electrophoresis, Silver 
Staining, Documentation, Genotyping with GeneMapper & for 
PAGE Gels; Protocols for shipping of PCR products to a 
centralized/standard genotyping facility. 
(Kathirvelpandian, Divya & Raja Swaminathan) 
Tea Break 
Microsatellites – Hands on practical: to continue 
24 August 
2013 
Saturday 
10.00 – 11.00 
11.00 – 11.15 
11.15 – 13.15 
13.15 – 14.00 
14.00 – 15.15 
15.15 – 15.30 
15.30 till the 
end 
Data Analysis - Drs. John Candy, A. Gopalakrishnan, Divya 
Tea Break 
Data analysis using software: Genepop, Genetix, Arlequin, 
PORGS, Structure 
Lunch Break 
Hands on practical-Data analysis (Divya PR & Kathirvelpandian) 
Tea Break 
Hands on practicals : Data analysis to continue 
25 August 
2013 
Sunday 
Holiday Field trip 
26 August 
2013 
Monday 
 
10.00 – 11.00 
 
11.00 – 11.15 
11.15 – 12.30 
12.30 – 13.30 
13.30– 18.30 
Emerging Technologies – Sequencing Platforms and Protocols Dr 
Kathirvelpandian 
Tea Break 
Visit  to CMFRI  Library & Museum  
Lunch Break 
Visit to the Genotyping/Sequencing Facility at SCIGENOM Labs, 
Kochi. 
27 August 
2013 
Tuesday 
10.00 – 11.00 
 
 
11.00 – 13.15 
13.15 – 14.00 
14.00 – 15.00 
Emerging Technologies - Whole Genome Sequencing for Fisheries 
Applications Dr John Candy 
Mackerel Project : Mile stones & Action Plan  - Dr John Candy 
Repeat class, discussion & feedback by the participants 
Lunch Break 
Valedictory Function & Distribution of Certificates 
 
For practicals, the participants will be divided into 6 batches/groups of 2-3 individuals each and 
following are the groups: [Group1-Bangladesh, Myanmar & Maldives (3 individuals); 
Group2-Malaysia & SEAFDEC (3 individuals); Group3-Indonesia (2/3 individuals); 
Group4-Thailand; Group5-SriLanka; Group6-India (CMFRI)]. 
 
Assisted by: Ms Aneesha Devassy, Mr Bineesh K K, Mr John C E, Ms Linu Joy, Ms Mohitha C,  
Mr Rahul G. Kumar, Mr Raj Kumar, Ms Sajeela K A, Ms Sheeba K B, and Mr Vineesh N. 
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Appendix III List of PowerPoint presentations 
 
  
 
 
Presenter  
 
Title  
Dr Rudolf Hermes  The Bay of Bengal Large Marine Ecosystem Project-an Overview (Day 1).  
 
Dr J. K. Jena  National Bureau of Fish Genetic Resources (NBFGR) and its Role in Fish  
Genetic Resource Management in India (Day 1) 
 
Mr John Candy   NBFGR-BOBLME Indian Mackerel Genetic Harmonisation 
Workshop – Introduction 
to the training program (Day 1). 
Latest techniques in sample collection and storage (Day 2)  
Development of microsatellite markers in Rastrelliger kanagurta – 
sequencing (Day 3)  
Standardization, genotyping and multiplexing of microsatellites (Day 4) 
Data analysis using software programs for genetic stock structure (Day 
5)  
Emerging Technologies-whole genome sequencing for fisheries 
applications (Day 8) 
  
Dr A. Gopalakrishnan  Molecular markers and their applications (Day 1)   
 Microsatellite/ VNTR: Theory (Day 2)  
Development of microsatellite markers in Rastrelliger 
kanagurta  - cross-priming (Day 3) 
 Data analysis understanding significance levels with computer packages 
– (Day 5)  
  
Dr V.S. Basheer  Key to identifying different Mackerel species, sample collection and 
storage (Day 1)  
  
Dr Divya P.R.  DNA Extraction protocols (Day 2) 
  
Dr A. Kathirvelpandian Principles, Optimization, and Applications of PCR (Day3) 
 Electrophoresis techniques (Day 4)  
Next Generation sequencing Platforms and Protocols (Day 7) 
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Appendix IV  Summary of country action plans 
Action Plan Time line for the project work by country          Page 1 of 3 
(Project – “Genetic Stock Structure Analysis of the Indian mackerel,  
Rastrelliger kanagurta from Indian waters using Microsatellite 
Markers”) 
Country:- Bangladesh 
No. of fish collected for analysis: Fish: Rastrelliger kanagurta; COX’S BAZAR Site = 100 Fish  
                    CHIAGONG Site = 100 Fish 
 
 August 2013 
September 
2013 *1 
October 
2013 
November 
2013 
December 
2013 
January 
2014 
February 
2014*2 
Sampling 
(done) Done Done Done Done Done Done Done 
Training 
Workshop do do do do do do do 
Extraction Malaysia Laboratory within November 2013   
Procuring 
primers ,, ,, ,, ,, ,,   
PCR ,, ,, ,, ,, ,,   
Dispatch of 
PCR 
products to 
Genotyping 
facility 
November – December. 2013    
Get the 
results from 
genotyping 
By January 2014     
Initial 
analysis of 
the results 
By January 2014     
Final  
workshop 
for analysis 
and 
discussion of 
results (early 
Feb14) 
Can be done     
Final report By March 2014     
*1   Primers available, September 30, 2013*2BOBLME anticipated completion date Feb 28, 2014 
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Comment on any limitations                     Page 2 of 3 
Sampling: Done 
Extraction: Malaysia Laboratory is going to complete by November, 2013 
                      (SEAFDEC) 
 
Procuring primers:  - do - 
 
PCR: - do - 
 
Dispatch of PCR Products to Genotyping facility: November- December 2013 
 
 
 
 
 
 
 
  
Report of the Indian mackerel genetics harmonisation training workshop 
33 
 
Comment on any limitations                     Page 3 of 3 
Get the results from genotyping: By January, 2014 
 
 
Initial analysis of the results: By January, 2014 
 
 
Final  workshop for analysis and discussion of results (early Feb14): Can be 
completed 
 
Final report: By March, 2014 
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Action Plan Time line for the project work by country        Page 1 of 3 
(Project – “Genetic Stock Structure Analysis of the Indian mackerel,  
Rastrelliger kanagurta from Indian waters using Microsatellite 
Markers”) 
Country:- India, CMFRI 
No. of fish collected for analysis: 3*7 = 120 
 August 2013 
September 
2013 *1 
October 
2013 
November 
2013 
December 
2013 
January 
2014 
February 
2014*2 
Sampling  Collecting Breeding  populations DNA Extraction   
Training 
Workshop        
Extraction     *   
Procuring 
primers     *   
PCR     * *  
Dispatch of 
PCR 
products to 
Genotyping 
facility 
     *  
Get the 
results 
from 
genotyping 
     *  
Initial 
analysis of 
the results 
     *  
Final  
workshop 
for analysis 
and 
discussion 
of results 
(early 
Feb14) 
     * * 
Final report       * 
*1   Primers available, September 30, 2013*2BOBLME anticipated completion date Feb 28, 2014 
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Comment on any limitations                     Page 2 of 3 
Sampling: We have to sample breeding populations. So breeding seasons have 
to be followed. 
 
Extraction: 
 
Procuring primers: 
 
PCR: 
 
Dispatch of PCR Products to Genotyping facility: 
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Comment on any limitations                     Page 3 of 3 
Get the results from genotyping: 
 
 
Initial analysis of the results: 
 
 
Final  workshop for analysis and discussion of results (early Feb14): 
 
 
Final report: 
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Action Plan Time line for the project work by country             Page 1 of 3 
(Project – “Genetic Stock Structure Analysis of the Indian mackerel,  
Rastrelliger kanagurta from Indian waters using Microsatellite 
Markers”) 
Country:- India, NBFGR 
No. of fish collected for analysis: 60 
 
August 
2013 
September 
2013 *1 
October 
2013 
November 
2013 
December 
2013 
January 
2014 
February 
2014*2 
Sampling * * *     
Training 
Workshop *       
Extraction * * *     
Procuring 
primers   *     
PCR    * * *  
Dispatch of 
PCR 
products 
to 
Genotypin
g facility 
   * * *  
Get the 
results 
from 
genotyping 
    * *  
Initial 
analysis of 
the results 
     * * 
Final  
workshop 
for analysis 
and 
discussion 
of results 
(early 
Feb14) 
     * * 
Final 
report       * 
*1   Primers available, September 30, 2013*2BOBLME anticipated completion date Feb 28, 2014 
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Comment on any limitations                     Page 2 of 3 
Sampling: 
 
Extraction: 
 
Procuring primers: Polymorphic Primers has to be identified by 30th of Sept. 
 
PCR: 
 
Dispatch of PCR Products to Genotyping facility: 
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Comment on any limitations                     Page 3 of 3 
Get the results from genotyping: 
 
 
Initial analysis of the results: 
 
Final  workshop for analysis and discussion of results (early Feb14): 
 
 
Final report: 
 
  
Report of the Indian mackerel genetics harmonisation training workshop 
40 
 
Action Plan Time line for the project work by country                  Page 1 of 3 
(Project – “Genetic Stock Structure Analysis of the Indian mackerel,  
Rastrelliger kanagurta from Indian waters using Microsatellite 
Markers”) 
Country:- Indonesia 
No. of fish collected for analysis: 300 – 3 sampling sites 
 
August 
2013 
September 
2013 *1 
October 
2013 
November 
2013 
December 
2013 
January 
2014 
February 
2014*2 
Sampling  * *     
Training 
Workshop *       
Extraction   * *    
Procuring 
primers        
PCR    * *   
Dispatch of 
PCR 
products to 
Genotyping 
facility 
    *   
Get the 
results 
from 
genotyping 
     **)  
Initial 
analysis of 
the results 
     *  
Final  
workshop 
for analysis 
and 
discussion 
of results 
(early 
Feb14) 
      * 
Final 
report       * 
*1   Primers available, September 30, 2013*2BOBLME anticipated completion date Feb 28, 2014 
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Comment on any limitations                                Page 2 of 3 
Sampling: - Sampling can be carried out in September, because of officially 
problem 
Actually sampling has been carried out in Sibolga (100 
samples) and Aceh (50 samples) through the activities of the 
regular national project, but with slightly different sampling 
method, scissors & forceps just cleaned with alcohol, water 
& tissue paper. 
 
Extraction: Performed after all samples collected, the methods used are the 
Salting out or use a kit. 
 Possibility protocol will applied, such as phenol chloroform 
or salting out DNA, However, a micro centrifuge (non 
refrigerated) will be used. 
 
Procuring primers: 
PCR: PCR process is carried out after receiving the primer (14) 
Dispatch of PCR Products to Genotyping facility: Dispatch of PCR products 
conducted in December 2013. 
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Comment on any limitations                     Page 3 of 3 
Get the results from genotyping: No facility equipment for 
genotyping (Gel Doc) and gel casting. We will wait the excel data 
of the genotyping produce by Genemapper which is coordinated 
with other lab (CMFRI). 
 
 
Initial analysis of the results: Analysis will be done in January 
2014 after get the Excel data. Some software from the training 
will be applied for estimate some parameter/index and 
population structure information 
 
 
Final  workshop for analysis and discussion of results (early Feb14): 
 
 
Final report:  
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Action Plan Time line for the project work by country              Page 1 of 3 
(Project – “Genetic Stock Structure Analysis of the Indian mackerel,  
Rastrelliger kanagurta from Indian waters using Microsatellite 
Markers”) 
Country:- Malaysia 
No. of fish collected for analysis:300 
 August 2013 
September 
2013 *1 
October 
2013 
November 
2013 
December 
2013 
January 
2014 
February 
2014*2 
Sampling 
(done)        
Training 
Workshop        
Extraction   * *    
Procuring 
primers   *     
PCR    *    
Dispatch of 
PCR 
products to 
Genotyping 
facility 
     
* 
End of 
Dec 
 
Get the 
results from 
genotyping 
     
* 
 End of 
Dec 
* 
Initial 
analysis of 
the results 
      
* 
End of 
Jan 
Final  
workshop 
for analysis 
and 
discussion 
of results 
(early 
Feb14) 
      * 
Final report        
*1   Primers available, September 30, 2013*2BOBLME anticipated completion date Feb 28, 2014 
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Comment on any limitations                     Page 2 of 3 
Sampling: Done as planned 
 
Extraction:  
*Will take some time to get the execution unit. 
*One man show 
 
Procuring primers: 
 
PCR: Human resource – will do the 400 per reaction alone. 
 
Dispatch of PCR Products to Genotyping facility: * Cost? 
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Comment on any limitations                     Page 3 of 3 
Get the results from genotyping: 
 
 
Initial analysis of the results: 
 
 
Final  workshop for analysis and discussion of results (early Feb14): 
 
 
Final report: 
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Action Plan Time line for the project work by country            Page 1 of 3 
(Project – “Genetic Stock Structure Analysis of the Indian mackerel,  
Rastrelliger kanagurta from Indian waters using Microsatellite 
Markers”) 
Country:- Maldives 
No. of fish collected for analysis: 18 
 August 2013 
September 
2013 *1 
October 
2013 
November 
2013 
December 
2013 
January 
2014 
February 
2014*2 
Sampling 
(done)  * * * Mid November    
Training 
Workshop *       
Extraction        
Procuring 
primers        
PCR        
Dispatch of 
PCR 
products to 
Genotyping 
facility 
       
Get the 
results 
from 
genotyping 
       
Initial 
analysis of 
the results 
       
Final  
workshop 
for analysis 
and 
discussion 
of results 
(early 
Feb14) 
      * 
Final 
report        
*1   Primers available, September 30, 2013*2BOBLME anticipated completion date Feb 28, 2014 
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Comment on any limitations                     Page 2 of 3 
Sampling: * Continue collection of sampling from September 2013 till mid Nov 
2013. 
              *Send collected samples to SEAFDEC at mid Nov 2013 
 
Extraction:  * Done by SEAFDEC 
 
Procuring primers: * Done by SEAFDEC 
 
PCR: * Done by SEAFDEC 
 
Dispatch of PCR Products to Genotyping facility: * Done by SEAFDEC 
 
 
 
 
 
 
  
Report of the Indian mackerel genetics harmonisation training workshop 
48 
 
Comment on any limitations                     Page 3 of 3 
Get the results from genotyping: * Done by SEAFDEC 
 
 
Initial analysis of the results: * Done by SEAFDEC 
 
 
Final  workshop for analysis and discussion of results (early Feb14): -- 
 
 
Final report: -- 
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Action Plan Time line for the project work by country            Page 1 of 3 
(Project – “Genetic Stock Structure Analysis of the Indian mackerel,  
Rastrelliger kanagurta from Indian waters using Microsatellite 
Markers”) 
Country:- Myanmar 
No. of fish collected for analysis: 200 tiles of the two site sampling 
 
August 
2013 
September 
2013 *1 
October 
2013 
November 
2013 
December 
2013 
January 
2014 
February 
2014*2 
 
Sampling 
(done)         
Training 
Workshop *       
 
Extraction        
Al
l a
re
 th
e 
sa
m
e 
w
ith
 M
al
ay
si
a 
SE
AF
DE
C 
(M
FR
DM
D)
 L
ab
 
 
Procuring 
primers        
PCR        
Dispatch of 
PCR 
products to 
Genotyping 
facility 
       
Get the 
results 
from 
genotyping 
       
Initial 
analysis of 
the results 
       
Final  
workshop 
for analysis 
and 
discussion 
of results 
(early 
Feb14) 
       
Final 
report        
*1   Primers available, September 30, 2013*2BOBLME anticipated completion date Feb 28, 2014 
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Comment on any limitations                     Page 2 of 3 
Sampling: (R-K) Zoo –tils (sent already finfish Malaysia Lab > Tissue sample 
 
Extraction: SEAFDEC (MFRDMD) and Myanmar agree to work data analysis. 
 
Procuring primers: 
 
PCR:  SEAFDEC  
         (MFRDMD) 
 
Dispatch of PCR Products to Genotyping facility: do 
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Comment on any limitations                     Page 3 of 3 
Get the results from genotyping: SEAFDEC (MFRDMD) Malaysia 
 
 
Initial analysis of the results: do 
 
 
Final  workshop for analysis and discussion of results (early Feb14): do 
 
 
Final report: 
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Action Plan Time line for the project work by country              Page 1 of 3 
(Project – “Genetic Stock Structure Analysis of the Indian mackerel,  
Rastrelliger kanagurta from Indian waters using Microsatellite 
Markers”) 
Country:- SEAFDEC/ MFRDMD 
No. of fish collected for analysis: 618 
 August 2013 
September 
2013 *1 
October 
2013 
November 
2013 
December 
2013 
January 
2014 
February 
2014*2 
Sampling * * * *    
Training 
Workshop        
Extraction   * * *   
Procuring 
primers   *     
PCR    * *   
Dispatch of 
PCR 
products to 
Genotyping 
facility 
   * * *  
Get the 
results from 
genotyping 
     *  
Initial 
analysis of 
the results 
     *  
Final  
workshop 
for analysis 
and 
discussion 
of results 
(early 
Feb14) 
       
Final report        
*1   Primers available, September 30, 2013*2BOBLME anticipated completion date Feb 28, 2014 
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Comment on any limitations                     Page 2 of 3 
Sampling: All samples are done except for Maldives with only 18 samples so 
far. 
 
Extraction: - Time to receive the ordered extraction kit will take at least 2 
weeks. 
                      - Budget allocated is not same in expected budget 
 
Procuring primers: - not related 
 
PCR: Times to loading will be an extra since there is no multichannel pipettes in 
the lab. 
        -Budget for the kits 
 
 
Dispatch of PCR Products to Genotyping facility: 
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Comment on any limitations                     Page 3 of 3 
Get the results from genotyping: 
 
Initial analysis of the results: 
 
 
Final workshop for analysis and discussion of results (early Feb14): 
 
Final report: 
Control samples:  
Cost for shipping samples (*others eg: vial, ethanol) to the 4 labs 
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Action Plan Time line for the project work by country Page 1 of 3 
(Project – “Genetic Stock Structure Analysis of the Indian mackerel,  
Rastrelliger kanagurta from Indian waters using Microsatellite 
Markers”) 
Country:- Sri Lanka 
No. of fish collected for analysis:180 
 August 2013 
September 
2013 *1 
October 
2013 
November 
2013 
December 
2013 
January 
2014 
February 
2014*2 
Sampling * * *     
Training 
Workshop *       
Extraction * * *     
Procuring 
primers   *     
PCR   * * * *  
Dispatch of 
PCR 
products to 
Genotyping 
facility 
     *  
Get the 
results from 
genotyping 
     *  
Initial 
analysis of 
the results 
      * 
Final  
workshop 
for analysis 
and 
discussion 
of results 
(early 
Feb14) 
      * 
Final report       * 
*1   Primers available, September 30, 2013*2BOBLME anticipated completion date Feb 28, 2014 
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Comment on any limitations                     Page 2 of 3 
Sampling: Samples have to be collected from one more site. 
 
Extraction: The Qiagen extraction kit needs to be ordered. 
Ordering a specific product (at that cost) may be                   
difficult for us I will take a long time. Budget will need to be 
revaluated for this kit. 
 
Procuring primers: Ordering from a specific manufacturer is 
not possible. Therefore we will need to be provided with the 
primers. 
 
PCR: Carrying out & completing all PCR reactions will not be possible in 3 
months. 
         Get staining kit needs to be ordered. 
         Markers need to be purchased. 
 
Dispatch of PCR Products to Genotyping facility: As we would have to go 
through regulations, we would need letters from BOBLME through the 
National coordinator, to the relevant authorities. Budget needs to be increased 
to incorporate the cost of dispatching samples (couriering). 
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Comment on any limitations                     Page 3 of 3 
Get the results from genotyping: 
 
 
Initial analysis of the results: We do not have the capacity do initial analysis. 
Guidance will be needed. 
 
 
Final  workshop for analysis and discussion of results (early Feb14): 
 
 
Final report: 
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Action Plan Time line for the project work by country Page                1 of 3 
(Project – “Genetic Stock Structure Analysis of the Indian mackerel,  
Rastrelliger kanagurta from Indian waters using Microsatellite 
Markers”) 
Country:- Thailand 
No. of fish collected for analysis: 200 
 August 2013 
September 
2013 *1 
October 
2013 
November 
2013 
December 
2013 
January 
2014 
February 
2014*2 
Sampling 
(done)  *      
Training 
Workshop *       
Extraction  * *     
Procuring 
primers  * *     
PCR   * * *   
Dispatch of 
PCR 
products to 
Genotyping 
facility 
   * * *  
Get the 
results from 
genotyping 
   * * *  
Initial 
analysis of 
the results 
     * * 
Final  
workshop 
for analysis 
and 
discussion 
of results 
(early 
Feb14) 
     * * 
Final report       * 
*1   Primers available, September 30, 2013*2BOBLME anticipated completion date Feb 28, 2014 
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Comment on any limitations                     Page 2 of 3 
Sampling: 
 
Extraction: The initial budget that was base not base on the 
price of the Qiagen kit. Therefore new budget is needed. 
 
Procuring primers: 
 
PCR: PCR needs multi-channel pipette. This will speed up the process of PCR. 
 
Dispatch of PCR Products to Genotyping facility: We have 
not calculated the price of the FedEx shipping to the 
genotyping facility. Therefore, new budget needs to 
incorporate the shipping to the genotyping facility. 
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Comment on any limitations                     Page 3 of 3 
Get the results from genotyping: We are expecting to get result from the 
genotyping facility via email. 
 
Initial analysis of the results: 
 
Final  workshop for analysis and discussion of results (early Feb14): 
 
Final report: 
Others: 1. Lack of sufficient labour: It takes about one month 
for the lab train research assistance to have a consistent lab 
skill. 
2. Delay in fund transfer: The money transfer process between 
FAO and DOF is slow. The genetic analysis process needs to 
advance some fund for extraction kit, PCR reagents and salary 
for the research assistance. Without speedy fund transfer and 
fund advancement, the Project could not start in time which 
would further delay the Project. 
 
  
 
  
  
 
